Introduction
============

Administration of intravenous (IV) tissue plasminogen activator (tPA) within 4.5 hours,[@B1] and endovascular reperfusion therapy within 6 hours[@B2] are the proven treatments for acute ischemic stroke. However, only a small proportion of patients with ischemic stroke receive reperfusion therapy, mainly because of the narrow time window.[@B3],[@B4] Delayed presentation at hospitals is one of the most important factors hindering reperfusion therapy.[@B3] Even within the therapeutic time window, the benefit is strongly time-dependent.[@B5],[@B6] Therefore, early hospital arrival is important to improve outcome of patients with ischemic stroke.

In an effort to promote early hospital arrival, several studies have been conducted to determine the factors associated with early hospital arrival, and have identified demographic, socioeconomic, clinical, and personal characteristics related to early hospital arrival.[@B4],[@B7],[@B8],[@B9],[@B10] Early hospital arrival has been associated with socioeconomic status and the prehospital delivery system, and may involve factors that differ according to the characteristics of the country or hospital. Therefore, we investigated the factors associated with early hospital arrival using data of two stroke centers with distinct characteristics, which are located in urban areas of Korea and Japan.

Methods
=======

Study hospital and patients
---------------------------

This is a retrospective cohort study. Data were obtained from the prospective stroke registries of Severance Hospital of the Yonsei University Health System (YUHS, Seoul, Korea) and the National Cerebral and Cardiovascular Center (NCVC, Osaka, Japan; ClinicalTrials.gov Identifier: NCT02251665). Consecutive patients with ischemic stroke who had arrived at hospital within 48 hours (24 hours for sensitivity analyses) of symptom onset were included in this study. We excluded patients who had a stroke while they were being hospitalized. The study period was from January 2011 to December 2012. Severance Hospital of the YUHS is a 2000-bed, typical university general hospital located in the central part of Seoul, the capital city of Korea. The NCVC is a 640-bed hospital specializing in cerebrovascular and cardiovascular diseases, and is located in the northern part of Suita city in Osaka prefecture, which is the second largest metropolitan area in Japan. The stroke centers of the YUHS and NCVC satisfy the key requirements for a comprehensive stroke center, as defined by the Brain Attack Coalition.[@B11] The Institutional Review Boards of the YUHS and NCVC approved this study and granted a waiver of consent because of the retrospective nature of the study.

Variables and groups
--------------------

The onset time of stroke symptoms, time of arrival at the hospital, demographic data, mode of transport, vascular risk factors, and initial National Institute of Health Stroke Scale (NIHSS) score were all retrieved. For patients whose onset of symptoms was unknown, the last known time without symptoms was regarded as the time of symptom onset. The onset time was categorized into weekday (Monday to Friday) vs. weekend (Saturday, Sunday, and official holidays in each country), and daytime (06:01-22:00) vs. nighttime (22:01-06:00). Mode of transport was classified into emergency medical services (EMS) vs. others (e.g., private car, taxi, walking). Stroke symptoms were retrieved from NIHSS sub-scales. Each NIHSS sub-scale was categorized as either normal (score=0) or abnormal (score\>0). Right and left arm motor scores were combined as \"arm weakness,\" and right and left leg motor scores were combined as \"leg weakness.\" Subjects were dichotomized into the early group (time from symptom onset to hospital arrival ≤4.5 hours) and the late group (time from symptom onset to hospital arrival \>4.5 hours). The cut-off value of 4.5 hours was chosen considering the current 4.5 hours time limit of IV tPA[@B1] and the possible endovascular reperfusion therapy time window of 6 hours from onset to puncture.[@B2]

Statistical analysis
--------------------

Values were presented as number (%), mean±standard deviation (SD), or median with interquartile range \[IQR\], as appropriate. Univariate analyses (independent sample *t* test or Mann-Whitney U test for continuous variables, and χ^2^ test or Fisher\'s exact test for categorical variables, as appropriate) were performed to compare demographics, past history, previous medications, stroke symptoms, onset time, and transfer mode between the early and late arrival groups. Variables achieving a *P* value of \<0.1 in the univariate analyses for early hospital arrival were adjusted for multivariate analyses except for each stroke symptom because of potential collinearity with total NIHSS score. Statistical analyses were performed using the IBM SPSS Statistics for Windows Version 20.0 (IBM Corp., Armonk, NY, USA). A two-sided *P* value of \<0.05 was considered statistically significant.

Results
=======

Baseline characteristics
------------------------

There were 2,047 patients with ischemic stroke (1,228 from YUHS; 1,199 from NCVC) between January 2,011 and December 2,012. From these, 2,009 patients (1,016 from YUHS; 993 from NCVC) who arrived at hospital within 48 hours of symptom onset were considered for this study. We excluded further 43 patients (24 from YUHS; 19 from NCVC) who had in-hospital stroke. Finally, a total of 1,966 subjects (992 from YUHS; 974 from NCVC) were included in the study. Mean age was 70.0 ± 13.1 years and 60% were male. Median time from symptom onset to hospital arrival was 6.1 hours \[IQR, 1.7-17.8 hours\].

Comparisons of baseline characteristics between the two hospitals showed that patients with stroke at the NCVC were older, and had the following characteristics: lower body mass index and abdominal circumference; more frequent history of hypertension, atrial fibrillation, hypercholesterolemia, previous stroke, previous use of anticoagulant drugs; less frequent history of diabetes mellitus and previous use of antiplatelet agent and lipid lowering drugs; more severe stroke at presentation (higher NIHSS score); more frequent stroke onset during the nighttime; and more frequent transport by EMS or transfer from another hospital. While overall numbers of patients who received reperfusion therapy were not different between the two hospitals, IV tPA was more frequently used in NCVC and endovascular reperfusion therapy was more commonly performed in YUHS ([Table 1](#T1){ref-type="table"}).

Factors associated with early arrival
-------------------------------------

In the univariate analysis of the entire study population, older age, atrial fibrillation, previous use of anticoagulants, higher NIHSS score, onset during daytime, and transport by EMS were significantly associated with early hospital arrival ([Table 2](#T2){ref-type="table"}). Transfer from another hospital was significantly associated with late hospital arrival. Presence of most stroke symptoms was related with early hospital arrival but limb ataxia was not. While atrial fibrillation, higher NIHSS score, onset during daytime, and transport by EMS were commonly associated with early arrival in each hospital, there were still some differences between the hospitals. Older age and non-smoking status were associated with early arrival only in the YUHS group. Transfer from another hospital was associated with late arrival only in the NCVC group.

In binary logistic regression analysis of the entire study population (adjusting for demographics and variables achieving a *P* value of \<0.1 in the univariate analyses), atrial fibrillation, higher initial NIHSS score, onset during daytime, and transport by EMS were independently associated with early arrival. In the binary logistic regression analysis of each hospital group, the factors associated with early arrival for each hospital were comparable to those of the entire study population, except that atrial fibrillation did not reach statistical significance in the NCVC group ([Table 3](#T3){ref-type="table"}). In the sensitivity analyses, which includes patients who had arrived at hospital within 24 hours of symptom onset, the results were comparable ([Supplementary Tables 1](#S1){ref-type="supplementary-material"},[2](#S2){ref-type="supplementary-material"},[3](#S3){ref-type="supplementary-material"}).

Discussion
==========

We investigated factors associated with early arrival of patients with stroke at two different stroke centers in Korea and Japan. This study showed that there were consistent factors related to early arrival despite the differences of patients\' characteristics in two hospitals.

Although these two stroke centers are located in large metropolitan cities of countries in East Asia, the baseline demographics differed between them, which might be attributable to differences in hospital, regional, and national characteristics. As the NCVC is a highly specialized referral center for cerebrovascular and cardiovascular diseases even among tertiary centers, patients at the NCVC were older, more severely affected; more frequently transported by EMS or transferred from another hospital; and had more frequent histories of hypertension, atrial fibrillation, previous stroke, and previous use of anticoagulant therapy compared to patients from the YUHS, which is a general tertiary referral center. Meanwhile, higher body mass index and abdominal circumference, and more frequent history of diabetes mellitus and previous use of antiplatelet agent and lipid lowering drugs in the YUHS patients compared to those from the NCVC may reflect some general features of Korea compared with Japan. During the last few decades, the prevalence of diabetes mellitus and metabolic syndrome has been rapidly increasing in Korea.[@B12] Despite the rate of acute reperfusion therapy were not different between the two hospitals, IV tPA was more frequently used in NCVC, and endovascular treatment was more commonly used in YUHS. This difference might be partly related with the different reimbursement policy of national insurance service for IV tPA as well as the different regulation policy and availability regarding endovascular devices between the two countries. Time limit of IV tPA for reimbursement was extended from 3 hours to 4.5 hours at August 2012 in Japan,[@B13] but not in Korea during the study enrollment period.

Despite the different baseline characteristics between the two stroke centers, several major factors associated with early hospital arrival were consistent. Among them, transport by EMS demonstrated important association with early arrival, as in previous studies.[@B4],[@B7],[@B8],[@B9],[@B10] Calling an EMS implies that the patient or bystander recognized the symptom of stroke as being urgent, and managed the situation properly. Contact with an EMS enables the appropriate delivery of the patient to the nearest hospital with facilities for acute stroke care.

In our study, the frequency of EMS use was much higher in the NCVC patients (80.2%) compared to those from the YUHS (32.4%). Previous studies using retrospective registry data from tertiary general hospitals in Japan have indicated the frequency of EMS use to be around 50%,[@B14],[@B15] and one study using prospective survey data from 14 tertiary general hospitals in Korea has indicated a frequency of 36%.[@B16],[@B17] Higher rates of EMS use in Japan, despite EMS being free in both countries, may be associated with better knowledge of act on stroke.[@B16],[@B18] Therefore, public education is important for increasing the use of EMS and reducing prehospital delays.[@B17],[@B18],[@B19],[@B20] However, the 80% EMS use of the NCVC in our study was even higher than previous statistics from Japan. It is likely that EMS personnel may prefer to deliver patients with a suspected stroke to a highly specialized hospital like the NCVC. This finding suggests that the awareness of which hospitals have a stroke center by EMS personnel is important for appropriate dispatch, particularly in metropolitan cities with many hospitals.

Greater stroke severity represented by a higher initial NIHSS score is a well-known factor associated with early arrival,[@B4],[@B7],[@B8],[@B9],[@B10] and was confirmed by our analysis. Of note, while most of stroke symptoms were related with early hospital arrival, limb ataxia was not. This may reflect the suboptimal public awareness regarding limb ataxia as a stroke symptom.[@B21] Onset during daytime was associated with early hospital arrival. This might be partly attributable to delayed recognition of stroke symptoms by a witness when severe stroke incapacitates people during the nighttime. However, waiting until the morning may also cause delays after nighttime onset. This aspect should be addressed in public education.

The association between atrial fibrillation and early hospital arrival was also noted in our results, as in most previous reports.[@B9],[@B17] Stroke caused by cardiac embolism is usually more severe and sudden in onset.[@B22] These characteristics may cause patients or witnesses to seek medical assistance earlier. However, the *P* values for atrial fibrillation did not reach the level of statistical significance after adjusting for confounding factors in the NCVC patients. This might reflect low power of NCVC subgroup rather than true insignificance. While the reason is uncertain, male sex tended to be related with early hospital arrival only in NCVC.

The strength of this study is that we analyzed data for a relatively large sample from two distinct hospitals located in different countries. Our study is also valuable because it is one of only a few reports about this issue in East Asian populations. However, the study has some limitations that need to be addressed. Firstly, factors known to affect prehospital delays, such as educational, socioeconomic, and personal attributes were not investigated in the current study. In addition, some variables were not available from the records, such as the distance from the place where the stroke occurred to the hospital, which might be helpful in interpreting the results. Secondly, because the two hospitals studied were tertiary referral centers located in urban areas of each country, the findings of this study cannot be generalized. These limitations should be considered when interpreting the study results.

In conclusion, transport by EMS, daytime onset, atrial fibrillation, and higher initial NIHSS scores were consistently associated with early hospital arrival regardless of the country or hospital characteristics. Despite transport by EMS is the only directly modifiable factor, education focused on the characteristics of late arrival patients might promote early hospital arrival and improve stroke outcome.
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###### Baseline characteristics of patients from the YUHS and NCVC
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Data are presented as number of patients (%), mean±standard deviation, or median \[interquartile range\].

YUHS, Yonsei University Health System; NCVC, National Cerebral and Cardiovascular Center; BMI, body mass index; AC, abdominal circumference; NIHSS, National Institutes of Health Stroke Scale; LOC, level of consciousness; EMS, emergency medical service.

###### Univariate model of early hospital arrival for the entire study population and for each hospital

![](jos-17-159-i002)

Data are presented with number (%), mean±standard deviation, or median \[interquartile range\].

YUHS, Yonsei University Health System; NCVC, National Cerebral and Cardiovascular Center; BMI, body mass index; AC, abdominal circumference; CVA, cerebrovascular accident; NIHSS, National Institutes of Health Stroke Scale; LOC, level of consciousness; EMS, emergency medical service.

###### Multivariate model of early hospital arrival for the entire study population and for each hospital
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YUHS, Yonsei University Health System; NCVC, National Cerebral and Cardiovascular Center; OR, odds ratio; NIHSS, National Institutes of Health Stroke Scale; EMS, emergency medical service.
